Objective: To evaluate whether vitamin D is associated with multiple sclerosis (MS) status and disease severity in African Americans. Methods: Serum 25-hydroxyvitamin D was compared in a cross-sectional sample of 339 African Americans with MS and 342 African American controls. Correlations between disease severity (Multiple Sclerosis Severity Score [MSSS]) and 25-hydroxyvitamin D levels were sought.
Multiple sclerosis (MS) is less prevalent in African Americans than whites, 1,2 but the disease course tends to be more severe, with a greater risk for secondary progression and ambulatory disability. 3, 4 Low vitamin D status is reported to be a major risk factor for MS susceptibility 5, 6 and severity. [7] [8] [9] [10] [11] The mechanism likely relates to effects of vitamin D on multiple pathways of the innate and adaptive immune systems. [12] [13] [14] Vitamin D may also influence HLA-DRB1*15 expression, the main MS susceptibility allele in whites. 15 Most of the vitamin D supply in humans comes from cutaneous synthesis following sun exposure. 16 In national surveys, African Americans have a lower vitamin D status than non-Hispanic whites and Mexican Americans. 17, 18 The most likely explanation for this disparity is that melanin, the primary determinant of skin pigmentation, functions as an optical filter of ultraviolet (UV) light, limiting cutaneous vitamin D synthesis. [19] [20] [21] [22] [23] Darker pigmented individuals require longer UV exposure times than lighter pigmented individuals to synthesize equiv-alent amounts of previtamin D3, 21, 22 although vitamin D status may be more important than skin pigmentation in determining absolute amounts of vitamin D production following UV exposure. 24 A nested-case control study reported an association between vitamin D status and MS susceptibility in whites, but not in Hispanics or African Americans. 5 Subsequent studies examining vitamin D and MS disease severity were conducted in populations that were predominantly white. [7] [8] [9] Using a large, crosssectional African American dataset, we asked whether vitamin D status is associated with having MS and whether lower vitamin D status correlates with MS disease severity.
METHODS Study sample. The African American Multiple
Sclerosis Genetics Project is a study of self-identified African Americans with MS and unaffected African American controls, some of whom were spouses or friends of affected participants. 25 Participants were referred through a nationwide network of MS centers. Blood and medical records were collected from subjects upon entry into the study. The collection as a whole is estimated to account for 3.6%-5.4% of all African Americans with MS in the United States. 26 A subset of 345 African Americans with MS and 345 unaffected African American controls were selected from the African American Multiple Sclerosis Genetics Project for whom detailed clinical information, DNA, and serum samples were available. Six cases and 3 controls were excluded from this initial sample due to technical limitations or missing data, for a final sample of 339 cases and 342 controls. Blood samples were collected between 1998 and 2009. All MS cases met International Panel diagnostic criteria 27 as confirmed by systematic medical record review (medical records were reviewed by B.A.C.C.). 3 Disability at the time of blood draw was measured by the Expanded Disability Status Scale (EDSS), 28 and disease severity was measured by the Multiple Sclerosis Severity Score (MSSS), 29 which incorporates disease duration and EDSS. A single investigator (B.A.C.C.) calculated the EDSS and MSSS. Genotyping of the HLA-DRB1 locus was performed as described previously. 25 To account for possible influences of genetic heterogeneity on vitamin D status, the proportion of European genetic ancestry, a measure of genetic admixture, was measured by genotyping reference and variant single nucleotide polymorphisms from representative African American and European populations, as described previously. 30 Standard protocol approvals, registrations, and patient consents. All participants provided written informed consent, and the UCSF Committee on Human Research approved the study protocol.
Vitamin D status. Blood samples were drawn upon enrollment into the study and sent to the UCSF MS Genetics laboratory for processing and storage (at Ϫ80°C). Samples selected for this study were then sent to a reference laboratory at UC Davis Medical Center to measure 25-hydroxyvitamin D using the Diasorin Liaison Total Vitamin D assay. 31 The reference laboratory was blinded to case/control status. Interassay coefficients of variation for this assay were 8.3% for low (mean 15.9 ng/mL) and 6.3% for high (mean 55.0 ng/mL) control samples. Levels below the assay limit (Ͻ10 nmol/L) were assigned a value of 5 nmol/L for analysis.
Levels of 25-hydroxyvitamin D are reported in nmol/L (to convert to ng/mL, divide by 2.496).
An analysis of variance was performed to examine whether seasonal variation in vitamin D status in the control population differed between broad latitude bands (table e-1 on the Neurology ® Web site at www.neurology.org). 5 , and then adding the residuals to the seasonal average to create a deseasonalized vitamin D level for each individual. 5, 8 This provides a way to adjust for the seasonal variation of 25-hydroxyvitamin D given that blood samples were collected at nonuniform times throughout the year. "January 1" deseasonalized values were arbitrarily chosen for analysis, though in a periodic function any date would be expected to have been equally informative (and subject to the same limitations). Given the assumptions and limitations inherent in deseasonalized analysis, we also performed and report parallel analyses using unadjusted 25-hydroxyvitamin D values.
Geographic location, latitude, and UV index. Geographic location at the time of blood draw was determined by the US Postal Service zip code of the participant's home address; for participants with no listed home address, the zip code of the referring MS center was substituted. The corresponding latitude for each zip code was obtained from a commercially available dataset (ZIPList5 Geocode Database, Zipinfo.com, Woodlands, TX). The average UV index for the month and nearest of 58 forecast cities to the location and time of blood draw was assigned based on 1997 monthly means published by the National Weather Service (http://www.cpc.noaa.gov/products/stratosphere/ uv_index/uv_meanmax.shtml). The UV index is an ordinal scale from 0 (minimal UV exposure) to 11ϩ (extremely high) of the strength of UV solar radiation. (table 1 and fig- ure), the Wilcoxon rank sum test was used to test for differences in 25-hydroxyvitamin D status between the MS and control groups. The 2 test was used for categorical variables.
Statistical analysis. For univariate analyses
To examine whether vitamin D status is associated with having MS, logistic regression was performed, adjusting for age, sex, and HLA-DRB1*15 status (tables 2 and e-2). Models adjusting for latitude (for deseasonalized 25-hydroxyvitamin D) and UV index (for unadjusted 25-hydroxyvitamin D) were also analyzed to examine the influence of baseline geographic and climatic differences.
To examine predictors of vitamin D status in both the control group and study sample as a whole, multiple linear regression was performed, adjusting for age, sex, HLA-DRB1*15 status, proportion European genetic ancestry, MS status, latitude (for deseasonalized 25-hydroxyvitamin D values), and UV index (for unadjusted 25-hydroxyvitamin D values).
To analyze the association between vitamin D status and disease severity (MSSS) in the MS group, multiple linear regression was performed, adjusting for age, sex, HLA-DRB1*15 status, and proportion European genetic ancestry. Ordinal logistic regression (categorizing by MSSS 0 to Յ2, Ͼ2 to Յ4, Ͼ4 to Յ6, Ͼ6 to Յ8, Ͼ8 to Յ10) and logistic regression (low [MSSS Յ6] vs high [MSSS Ͼ6] disability) models were also examined.
Variables for 25-hydroxyvitamin D (unadjusted and deseasonalized), MSSS, and proportion European genetic ancestry were transformed as required to ensure normality. Statistical analysis was performed using Stata 10.1 (Stata Corp., College Station, TX).
RESULTS
The median (interquartile range) unadjusted 25-hydroxyvitamin D level was 29.7 (19.7-46.2) nmol/L in the MS group and 36.6 (24.0 -51.9) nmol/L in controls ( p ϭ 0.0001) (table 1). Seventyseven percent of the MS group and 71% of controls had 25-hydroxyvitamin D levels in a range commonly considered to be vitamin D deficient (Ͻ50 nmol/L or Ͻ20 ng/mL), and 94% of the MS group and 93% of controls had levels in a range commonly considered to be vitamin D insufficient (Ͻ75 nmol/L or Ͻ30 ng/mL). 16 The distribution of 25-hydroxyvitamin D levels was modestly left skewed with a long right tail. Differences in the seasonal variation of unadjusted 25hydroxyvitamin D levels were examined in the control population across 3 latitude bands (Ͻ37 degrees, Ն37 to Ͻ41 degrees, and Ն41 degrees) (table e-1). Season was highly associated with vitamin D status across all latitude bands, but differences in amounts of seasonal variation were not significant between latitude bands (analysis of variance, p ϭ 0.11); similar results were obtained using the square root of unadjusted 25-hydroxyvitamin D, which was normally distributed ( p ϭ 0.08). Because season was highly correlated with vitamin D status and there were no significant differences in seasonal variation between latitude bands, we elected to use deseasonalized vitamin D levels for subsequent analysis. Entirely separate analyses by latitude band were not possible based on sample size. A parallel analysis using unadjusted 25-hydroxyvitamin D values is also reported.
Compared with the control group, the MS group was slightly younger, more likely to be female, tended to live in higher latitudes, and had a lower average monthly UV index at the time of blood draw (table 1). Proportion of European genetic ancestry was similar between the MS group and controls. Deseasonalized 25-hydroxyvitamin D was slightly but significantly lower in the MS group compared to controls ( p ϭ 0.001) (table 1 and figure) , as were unadjusted 25-hydroxyvitamin D levels. On multivariable analysis (table 2) , lower deseasonalized 25hydroxyvitamin D remained associated with MS status after adjustment for age, sex, and HLA-DRB1*15 (which was highly associated with MS status). Differences in latitude between groups accounted for much of this apparent association. Similar results were observed using unadjusted 25hydroxyvitamin D levels and adjusting for UV index (table e-2).
A greater proportion of European genetic ancestry was positively correlated with 25-hydroxyvitamin D status in this African American dataset, an association that retained statistical significance even after adjusting for differences in latitude (table 3) or UV index (table e-3). The association between European genetic admixture and vitamin D status was also present in the control population alone ( p ϭ 0.012 univariate, p ϭ 0.01 adjusting for latitude). As expected, UV index and latitude were highly correlated with 25-hydroxyvitamin D status. A possible interaction between MS status and proportion of European ancestry was examined for by adding a multiplicative term to the model and not found. Additional factors that were not predictive of vitamin D status were age, sex, HLA-DRB*15 status, and length of blood storage time.
The median (interquartile range) MSSS of the MS group was 6.1 (4.8 -8.1), indicating a high rate of ambulatory disability in this study sample. There was no association between MSSS and vitamin D status using linear regression. Per 10 nmol/L deseasonalized 25-hydroxyvitamin D, the ␤ coefficient was Ϫ0.034, 95% confidence interval (CI) Ϫ0.15 to 0.08, p ϭ 0.57. Per 10 nmol/L unadjusted 25-hydroxyvitamin D, the ␤ coefficient was Ϫ0.034, 95% CI Ϫ0.15 to 0.08, p ϭ 0.56. There was no association between low vs high MSSS (MSSS Յ6 vs MSSS Ͼ6) and vitamin D status using logistic regression for deseasonalized vitamin D (odds ratio [OR] 0.97, 95% CI 0.65 to 1.43, p ϭ 0.86) or unadjusted 25-hydroxyvitamin D (OR 1.009, 95% CI 0.66 to 1.5, p ϭ 0.97), adjusting for age and sex. There was also no association between MSSS and vitamin D status using ordinal logistic regression (categorizing by MSSS 0 to Յ2, Ͼ2 to Յ4, Ͼ4 to Յ6, Ͼ6 to Յ8, Ͼ8 to Յ10). Adjusting for HLA-DRB1*15 status and proportion of European genetic ancestry in the above regression models did not alter this result. There was no association between MSSS and age, HLA-DRB1*15 status, proportion of European genetic ancestry, or latitude (for deseasonalized) or UV index (for unadjusted 25hydroxyvitamin D). There was no apparent association between EDSS and unadjusted or deseasonalized 25hydroxyvitamin D.
DISCUSSION This is the largest study to date examining vitamin D status in African Americans with MS. Levels of 25-hydroxyvitamin D were low in both the MS and control groups. Three-quarters of all participants were vitamin D deficient (Ͻ50 nmol/L [20 ng/mL]) and 94% were vitamin D insufficient (Ͻ75 nmol/L [30 ng/L]). This degree of vitamin D insufficiency may have important implications for bone health, cardiovascular, inflammatory, and neoplastic disease, in addition to its possible role in modulating MS. 16 Levels of 25-hydroxyvitamin D were lower in African Americans with MS than controls. This association was weakened, but still present, when controlling for differences in climate and geography between groups. The cross-sectional study design does not allow for a determination of causality, and possible explanations include an influence of vitamin D on MS susceptibility or the reverse causality of an influence of having MS on vitamin D status. UV radiation, which was very strongly correlated with both MS and vitamin D status in this dataset, may also have direct immunosuppressant effects 32 and was recently shown to suppress disease activity in a murine model of experimental autoimmune encephalomyelitis independently of 25-hydroxyvitamin D production. 33 The cross-sectional nature of our dataset does not allow for a determination of the relative contributions of UV radiation and vitamin D status in this kind of analysis. Longitudinal studies with larger samples of African Americans will be needed to establish cause-effect relationships between vitamin D status and MS in this population.
There was no apparent association between 25hydroxyvitamin D and MS disease severity (MSSS) in this dataset. The lack of an association between vitamin D status and disease severity could be a consequence of sample size limitations, smaller effect sizes in darker pigmented populations, or the use of the MSSS, and not relapse rate, as a marker of disease severity. 7, 8 Relapse rate was not determined in this dataset, as clinical variables were ascertained by retrospective chart review. It is possible that vitamin D status might influence the relapse rate independently of cumulative disability. It is also possible that the biological consequences of a lower vitamin D status in darker pigmented populations might be different than in lighter pigmented populations. 34 In rheumatoid arthritis, an analogous association between lower vitamin D status and worsened disease severity that was seen in a predominantly white population 35 was not observed in a predominantly African American population. 36 There is substantial genetic heterogeneity within African American populations, 37 and in this dataset, European genetic ancestry ranged from 1% to 71% (median 19%). The proportion of European genetic ancestry was one of the strongest predictors of vitamin D status (but not MS status) in this African American study population. The positive correlation between European genetic ancestry and vitamin D status might simply reflect unmeasured differences in skin pigmentation, but genetically influenced differences in vitamin D utilization cannot be excluded. 38 Because of the genetic heterogeneity that is masked and diluted by traditional definitions of race, there is ongoing debate in the medical and scientific community about whether race should still be used to characterize populations for biological investigation. 39 Percent African genetic ancestry was recently reported to be more informative than race in defining normative values for pulmonary function testing. 40 The results from our study similarly illustrate how a measure of genetic heterogeneity was able to reveal a biological association with vitamin D status that might have been obscured using racial classification alone. This observation highlights the potential importance of controlling for genetic admixture in future studies of vitamin D in addition to, or in place of, race.
There are a number of limitations to this analysis. The study sample was not population-based and may not be reflective of all African American MS populations. The high degree of ambulatory disability in this dataset, however, is typical of other study populations of African Americans with MS. (The median MSSS was 6.0 in African Americans in the New York State Multiple Sclerosis Consortium dataset, 4 which is very similar to the median MSSS of 6.1 in our study.) Data on other possible confounders of MS susceptibility, such as Epstein-Barr virus serology, infectious mononucleosis history, and smoking history, were not collected as part of this study. The average UV index at the time of blood draw is also only a rough estimate of ambient UV radiation and does not measure actual sunlight exposure, which could lead to residual confounding. Finally, genetic polymorphisms of vitamin D pathway proteins were not analyzed. Whether such differences might influence MS susceptibility and severity remains an important question.
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